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(5) Diversity receiver using matched filter and decision feedback equalizer. 

(§7) In a digital radio communications system, a transmit signal is delayed and sent on a first diversity 
channel and a nondeiayed version of the signal sent on a second diversity channel. At the receiving site, 
first and second diversity channel signals are recovered and normalized into first and second 
constant-amplitude signals. Predominant components of the constant-amplitude signals are phase- 
and-amplitude aligned with each other by feedback loops including phase-and-amplitude alignment 
circuits, an adder and an AGC amplifier. The output of the AGC amplifier or the output of the subtracter 
is selected and applied to a matched filter to which a decision feedback equalizer is coupled. In a 
modified embodiment, the transmit signal from a single source is transmitted over multipath fading 
channels, resulting in the reception of first and second diversity channel signals which are normalized 
to constant-amplitude signals whose predominant components are then phase-and-amplitude aligned 
with each other through feedback loops including an AGC amplifier. Correlations between the 
predominant components in the first diversity channels and the output of the AGC amplifier are 
detected and multiplied with the output of the AGC amplifier, combined in respective subtracters with 
the diversity channel signals for coupling to respective matched filters whose outputs are diversity- 
combined together for coupling to a decision feedback equalizer. In a further modification, the output 
of the AGC amplifier is combined with the phase-and-amplitude aligned signals by the subtracters for 
coupling to the matched filters. 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to digital 
radio communications systems through multipath fad- 
ing channels, and more specifically to multipath fad- 
ing diversity reception suitable for applications where 
deep fade occurs frequently. 

Interference from frequency modulation sources 
can be treated as a narrow band signal if PSK or QAM 
digital microwave channels are designed to transport 
high speed signals. However, interference from other 
sources on multipath fading channels are treated as 
wideband signals. For multipath fading channels in 
which deep fade occurs frequently, diversity reception 
and adaptive equalization are used as indispensable 
elements, and on long haul digital transmission routes 
such as out-of-sight transmission, the use of matched 
filters and decision feedback equalizers is known. 

However, prior art diversity receivers are not cap- 
able of combining desired signals either at a 
maximum amplitude ratio or in an in-phase relation- 
ship during a deep fade in which interference simul- 
taneously arises from an undesired source. 

SUMMARY OF THE INVENTION 

it is therefore an object of the present invention to 
provide space diversity reception capable of cancel- 
ling undesired signals without sacrificing desired 
components. 

According to a first aspect of the present inven- 
tion, there is provided a communications system com- 
prising a transmitter for delaying a digital signal to 
produce a delayed version of the signal and transmit- 
ting the delayed version on a first carrier and transmit- 
ting a nondelayed version of the digital signal on a 
second carrier. The signals transmitted on the first 
and second diversity channels and respectively 
received at a receiving site as first and second diver- 
sity channel signals. First and second normalizing 
amplifiers produce first and second constant-ampli- 
tude signals from the first and second diversity chan- 
nel signals, respectively. First and second phase 
alignment circuits are coupled to the first and second 
normalizing amplifiers, and an adder is provided to 
combine the outputs of the first and second phase 
alignment circuits. A third normalizing amplifier pro- 
duces a third constant-amplitude signal from the out- 
put of the adder and applies it to the first and second 
phase alignment circuits as feedback signals. In this 
way, a dominant component of the first constant-am- 
plitude signal is aligned in phase with a dominant 
component of the second constant-amplitude signal 
by the first and second phase alignment means. A 
subtracter is provided for combining the outputs of the 
first and second phase alignment circuits for coupling 
to the first input of a selector to the second input of 
which the output of the third normalizing amplifier is 



applied. One of the signals applied to the selector is 
selected and applied to a matched filter whose output 
is coupled to a decision feedback equalizer. 

According to a second aspect of the present 

5 invention, there is provided a diversity receiver for 
receiving replicas of a single carrier signal through 
multipath fading channels and recovering therefrom 
first and second diversity channel signals. The diver- 
sity receiver comprises first and second normalizing 

10 amplifiers for producing first and second constant-am- 
plitude signals from the first and second diversity 
channel signals, respectively. First and second 
phase-and-amplitude alignment circuits are coupled 
to the first and second normalizing amplifier, respect- 

15 ively. A first adder combines the outputs of the first 
and second phase-and-amplitude alignment circuits 
and applies the combined signal to a third normalizing 
amplifier for producing a third constant-amplitude sig- 
nal, which is applied to the first and second phase- 

20 and-amplitude alignment circuits as feedback signals, 
whereby dominant components of the first and sec- 
ond constant-amplitude signals are aligned in phase 
with each other and adjusted in amplitude so that the 
outputs of the first and second phase-and-amplitude 

25 alignment circuits are combined at a maximum ratio 
by the first adder. First and second correlators are 
provided for respectively producing a first correlation 
signal representative of the correlation between the 
first diversity channel signal and the output of the third 

30 normalizing amplifier and a second correlation signal 
representative of the correlation between the second 
diversity channel signal and the output of the third nor- 
malizing amplifier. First and second multipliers re- 
spectively multiply the output of the third normalizing 

35 amplifier with the first and second correlation signals. 
First and second subtracters are provided for respect- 
ively subtracting the output of the first multiplier from 
the first diversity channel signal and subtracting the 
output of the second multiplier from the second diver- 
ge sity channel signal. First and second matched filters 
are respectively coupled to the outputs of the first and 
second subtracter means. A second adder, or diver- 
sity combiner combines the outputs of the first and 
second matched filters, and a decision feedback 

45 equalizer is coupled to the output of the diversity com- 
biner. 

According to a third aspect of the present inven- 
tion, there is provided a diversity receiverforreceiving 
signals through multipath fading channels and recov- 

50 ering therefrom first and second diversity channel sig- 
nals, the receiver comprising first and second 
normalizing amplifiers for producing first and second 
constant-amplitude signals from the first and second 
diversity channel signals, respectively. First and sec- 

55 ond phase-and-amplitude alignment circuits are 
coupled to the first and second normalizing amplifiers, 
respectively. A first adder combines the outputs of the 
first and second phase-and-amplitude alignment cir- 
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cuits. A third normalizing amplifier produces a third 
constant-amplitude signal from the output of the first 
adder and applies it to the first and second phase- 
and-amp!itude alignment circuits as feedback signals, 
whereby dominant components of the first and sec- 
ond constant-amplitude signals are aligned in phase 
with each other and adjusted in amplitude so that the 
outputs of the first and second phase-and-amplitude 
alignment circuits are combined at a maximum ratio 
by the first adder. First and second subtracters sub- 
tract the output of the third normalizing amplifier from 
the outputs of the first and second phase-and-ampli- 
tude alignment circuits, respectively. First and second 
matched filters are coupled to the outputs of the first 
and second subtracters, respectively. A second 
adder, or diversity combiner combines the outputs of 
the first and second matched filters. A decision feed- 
back equalizer is coupled to the output of the diversity 
combiner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further 
detail with reference to the accompanying drawings, 
in which: 

Fig. 1 is a block diagram of a prior art space diver- 
sity receiver; 

Fig. 2 is a block diagram of a space diversity 
receiver according to a first embodiment of the 
present invention; 

Fig. 3 is a waveform diagram associated with Fig. 
2; 

Fig. 4 is a block diagram of a space diversity 
receiver according to a second embodiment of 
this invention; and 

Fig. 5 is a block diagram of a space diversity 
receiver according to a modified embodiment of 
this invention. 

DETAILED DESCRIPTION 

Before going into the detail of the present inven- 
tion, reference is first made to Fig. 1 to describe the 
prior art space diversity receiver in which wideband 
interfering signals occur on multipath fading chan- 
nels. Microwave signals on multipath fading diversity 
channels 1A, 1B are converted to intermediate fre- 
quency signals by receivers 2A, 2B, amplified and 
normalized by AGC (automatic gain controlled) 
amplifiers 3A, 3B to minimize fluctuations caused by 
fiat fading, multiplied by multipliers 4A, 4B with the 
outputs of correlators 5A, 5A, respectively, and com- 
bined by an adder 6. The output of adder 6 is nor- 
malized by an AGC amplifier 7 and fed to correlators 
5A, 5B to detect correlations between the normalized 
signal with the outputs of amplifiers 3A, 3B. The out- 
puts of multipliers 4A, 4B are summed by adder 6 and 
subtracted from each other by a subtracter 8. The out- 



puts of amplifier 7 and subtracter 8 are respectively 
applied to input terminals of a changeover switch 9. 
A quality evaluation circuit 1 1 is coupled to the output 
of an adaptive equalizer 10 for controlling the switch 
5 9. In the absence of interference such as from a jam- 
ming source, switch 9 is in a position coupling the out- 
put of amplifier 7 to adaptive equalizer 10 in which 
waveform distortions caused by multipath fading are 
suppressed. 

10 If the desired signal components are stronger 

than the jamming components, correlators 5A, 5B 
operate to align the amplitude and phase of each 
diversity channel with those of the other channel 
through the feed back AGC loops, so that the desired 

15 signals are combined at maximum ratio by adder 6 
and coupled through switch 9 to adaptive equalizer 
10. 

Conversely, if jamming components are stronger 
than desired components, they are combined at 

20 maximum ratio by adder 6 through the feedback AGC 
loops and correlators 5A, 5B. This feedback oper- 
ations align the amplitude and phase of the jamming 
components on each diversity channel (branch) and 
are cancelled out by subtracter 8. Desired signals are 

25 obtained at the output of subtracter 8 and coupled 
through switch 9 to equalizer 10. However, under 
such low D/U (desired to undesired) ratio situations, 
the desired signals are not combined at maximum 
ratio nor in an in-phase relationship, and therefore, 

30 satisfactory diversity combining cannot be obtained. 
Furthermore, if, in the case of such low D/U ratios, the 
desired and undesired signals of both diversity chan- 
nels have equal phase-and-amplitude relationship, 
they are aligned in phase and amplitude and com- 

35 pletely cancelled out by subtracter 8. 

Referring now to Figs. 2A and 2B, there is shown 
a diversity communications system according to a first 
embodiment of the present invention. At the transmit- 
ting site of the system, transmitsignai is branched into 

40 two paths, one comprising a delay line 20 and a trans- 
mitter 21 A and the other comprising a transmitter 21 B 
identical to transmitter 21 A. Delay line 20 introduces 
a delay time x which preferably corresponds to an in- 
tegral multiple of symbol interval T. The delayed ver- 

45 sion of the transmit signal is modulated upon a carrier 
by transmitter 21A and transmitted by a diversity 
antenna 22A on a first diversity channel, while the 
nondelayed version of the transmit signal is modu- 
lated upon the same frequency carrier by transmitter 

so 21 B and transmitted by a diversity antenna 22B on a 
second diversity channel which is sufficiently spaced 
from antenna 22A. 

At the receiving site of the system, the signal from 
antenna 22A is converted to an intermediate fre- 

55 quency and applied as a first diversity channel input 
23A to AGC amplifier 24A and the signal from antenna 
22B is converted to the same intermediate frequency 
and applied as a second diversity channel input 23B 
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to AGC amplifier 24B. By automatic gain control, fluc- 
tuations of the diversity inputs due to flat fading are 
suppressed to a minimum and the amplitudes of the 
diversity inputs are normalized by amplifiers 24A and 
24B. The outputs of amplifiers 24A, 24B are respect- 
ively supplied to multipliers 25A, 25B in which they are 
multiplied with complex-valued tap weight coefficients 
supplied from correlators 26A, 26B, and fed into adder 
27 and subtracter 29. The output of adder 27 is nor- 
malized by AGC amplifier 28 and fed back to cor- 
relators 26A, 26B. The outputs of amplifier 28 and 
subtracter 29 are fed to inputs of a changeover switch 
30. To the output of switch 30 is connected a matched 
filter 31 whose output is in turn connected to a deci- 
sion feedback equalizer 32. Quality evaluation cir- 
cuitry 33 is connected to the output of decision 
feedback equalizer 32 to control changeover switch 
30. 

The operation of the system will be described with 
reference to Fig. 3. Assume that the first diversity sig- 
nal is delayed by a two-symbol interval with respect to 
the second diversity signal. In the absence of a fade, 
switch 30 is in the upper position coupling the output 
of amplifier 28 to matched filter 31 . 

During a deep fade, switch 30 is moved to the 
lower position coupling the output of subtracter 29 to 
matched filter 31, and correlations are detected 
through feedback loops by correlators 26A, 26B be- 
tween the predominant signals, i.e., jamming compo- 
nents J1 1 and J1 2 and the output of AGC amplifier 28. 
Due to the automatic-gain control of AGC amplifier 28, 
the jamming signals are the controlling factor of the 
feedback loops. They assume equal amplitudes and 
phase angles to each other at the outputs of multip- 
liers 25A, 25B, and therefore, cancelled out by sub- 
tracter 29. On the other hand, no cancellation occurs 
between desired components S11 and S12 because 
of the timing difference, even if the phase-and-ampli- 
tude relationship between signals S11 and J11 is 
equal to the corresponding relationship between sig- 
nals S12 and J12. If the receiver is synchronized with 
the first diversity channel input 23A, the input of 
matched filter 31 for symbols a 0 can be represented 
by impulse responses P2 and P1 at times t = -2T and 
t = 0, respectively. In such two-wave input sequences, 
matched filter 31 produces symmetrical impulse res- 
ponses P22 at t = -2T, P1 2 at t = 0 and P23 at t = +2T, 
as shown and described in K. Watanabe, "Adaptive 
Matched Filter And Its Significance to Anti-Multipath 
Fading", IEEE, CH231 4-3/86/0000-1 455, 1986. It can 
be said that part of signal energy is removed from 
impulse response P11 to form impulse response P23 
and the remaining energy of impulse response P1 1 is 
summed with part of energy removed from impulse 
response P21. Thus, the energy at the impulse res- 
ponses for each incoming symbol is greater at refer- 
ence time t ss o than at other times and the signal to 
noise ratio of the desired signal atthe reference timing 



is increased to such a level that it can be easily 
equalized by decision feedback equalizer 32. 

A second embodiment of this invention is shown 
in Fig. 4. In this embodiment, the transmitting site has 
5 a single antenna for transmitting only one signal over 
first and second multipath fading channels. At the 
receiving site, diversity channel inputs 40A and 40B, 
associated respectively with the fading channels, are 
fed to AGC amplifiers 41 A, 41 B in which they are nor- 
10 malized and fed into multipliers 42A, 42B, respect- 
ively, in which they are multiplied with complex-valued 
tap weight coefficients from correlators 43A, 43B, 
Each correlator includes a multiplier for correlating the 
applied signals in complex form and an integrator for 
15 averaging the correlations. The outputs of multipliers 
42A, 42B are both combined by an adder 48 to pro- 
duce a summed output, which is normalized by an 
AGC amplifier 49. The output of AGC amplifier 49 is 
fed back to correlator 43A so that the complex-valued 
20 tap weight coefficient represents the correlation be- 
tween the normalized outputs from AGC amplifier 41 A 
and 49. Likewise, the output of AGC amplifier 49 is fed 
back to correlator 43B so that its output represents the 
correlation between the outputs of AGC amplifiers 
25 41 B and 49. Through the AGC-correlation feedback 
loops, the dominant component of diversity channel 
40A is aligned in phase and amplitude at the output 
of multiplier 42A with the dominant component of 
diversity channel 40B at the output of multiplier 42B. 
30 The dominant signals at the outputs of multipliers 

42Aand 42B are combined by adder 48 ata maximum 
ratio and in an in-phase relationship and normalized 
by AGC amplifier 49 to the unit level which is equal to 
the signal level at the inputs of adder 48. In most inst- 
35 ances, the weaker signals are combined by adder 48 
at a less-than maximum ratio and in an out-of-phase 
relationship except for rare circumstances in which 
the phase-and-amplitude relationship between the 
desired and undesired signals of each diversity chan- 
40 nel is the same as the corresponding relationship of 
the other channel. Thus, the amplitude of the com- 
bined weaker signal is compressed by AGC amplifier 
49 with a compression ratio greater than the ratio with 
which the amplitude of the combined predominant sig- 
45 nal is compressed during periods other than the 
worst-case situation. During a deep fade, weaker des- 
ired signals are thus compressed atthe output of AGC 
amplifier 49 with a greater ratio than stronger jamming 
signals are compressed. In addition, it is seen that the 
so ratio with which the combined weaker signal is com- 
pressed in relation to the predominant signals 
increases with diversity channels. 

The output of AGC amplifier 49 is further applied 
to correlators 44A, 44B and multipliers 46A, 46B. The 
55 first and second diversity channel inputs are applied 
respectively to correlators 44A, 44B and to subtrac- 
ters 45A, 45B. In this way, the correlation between the 
output of AGC amplifier 49 and the first diversity chan- 



5 



7 



EP 0 459 823 A2 



8 



nel input 40A is detected by correlator 44A, and the 
correlation between the output of AGC amplifier 49 
and the second diversity channel input 40B is detec- 
ted by correlator 44B. The output of correlator 44A is 
a complex-valued tap weight coefficient and is applied 
to multiplier 46A in which it is multiplied with the output 
of AGC amplifier 49. Likewise, the complex-valued 
output of correlator 44 B is applied to multiplier 46B in 
which It is multiplied with the output of AGC amplifier 
49. The outputs of multipliers 46A and 46B are coup- 
led to subtracters 45A and 45B, respectively to be 
subtracted with the respective diversity channel 
inputs. 

By denoting the jamming components contained 
respectively in the first and second diversity channel 
inputs 40A, 40B as J t and J 2 , respectively, and the 
normalized jamming component at the output of AGC 
amplifier as J r , the following relations hold: 

J, = A.expGM-J CO 

J 2 = A 2 exp 0<I>2>J (2) 
J r = 1 x exp 0+i) + a (S, + S 2 ) (3) 
where Ai exp (j^) and A2 exp (jfa) represent the 
transfer functions of first and second fading channels 
with respect to jamming signals, Si and S 2 are desired 
signals of the first and second fading channels, re- 
spectively, and a represents the compression ratio 
with which the amplitudes of the desired signals are 
compressed when jamming signals J 1 and J 2 are 
dominant 

Correlation W-j detected by correlator 44A be- 
tween J<| and J r and correlation W 2 detected by cor- 
relator 44B between J 2 and J r are given as follows: 

W 1 = EKexpt-jfc) + a{Sf + S 2 *)}-(S 1 + J,)] 
= Ai • J + A1 (4) 

W 2 = EKexpC-jfc) + a(Sf + S 2 *)} - <S 2 + J 2 )] 
= A2-exp{j(* 2 -<h)}] + A2 (5) 
where, A1 represents the correlation between the 
desired signal contained in the normalized compo- 
nent J r and the desired component of the first diversity 
input, and A2 represents the correlation between the 
desired signal in the normalized component J r and the 
desired component of the second diversity input. 
Since the desired components in the normalized sig- 
nal J r are smaller than the jamming components, the 
correlations A1 and A2 can be ignored. 

Multipliers 46A and 46B multiply the normalized 
component J r with the correlation weighting coeffi- 
cients and W 2 to produce weighted outputs which 
approximate the jamming components J 1 and J 2 , re- 
spectively. The outputs of multipliers 46A, 46 B are 
supplied as estimates of interference to subtracters 
45A and 45B in which they are subtracted from the 
diversify channel inputs 40A and 40B, respectively, 
with the result that jamming components and J 2 are 
cancelled out. Desired components VJ^ • a(S., + S 2 ) 
and W 2 • a(S! + contained in the multiplier outputs 
are also subtracted from the desired components of 
the first and second diversity channel inputs. Since 



these desired components correspond to the cor- 
relation-derived components A1 and A2 mentioned 
above, the outputs of subtracters 45A and 45B can be 
used as a replica of the desired signals even though 
5 the receiver encounters a worst-state situation in 
which the phase-and-amplitude relationship between 

51 and ji and the corresponding relationship between 

5 2 and j 2 are equal to each other. 

The outputs of subtracters 45A and 45B are fed 

10 into adaptive matched filters 47A and 47B, respect- 
ively, to which feedback timing signals are supplied 
from a decision feedback equalizer 51 to deliver its 
output to an output terminal 52. The outputs of 
matched filters 47 A, 47B are combined by an adder 

15 50, which serves as a diversity combiner. The output 
of the diversity combiner 50 is applied as an input sig- 
nal to decision feedback equalizer 51. 

In the matched filters, the input signals from the 
associated subtracters 45 are delayed successively 

20 along taps at symbol intervals, multiplied with the 
feedback timing signals and integrated over the syrrv 
boflnterval to produce phase-aligned matched filter 
outputs for each incoming symbol. In this way, sig- 
nals, which may be randomly dispersed on time axis, 

25 can be aligned in phase by matched filters 47 A, 47B. 
Therefore, the output of diversity combiner 50 has 
such an amplitude that it can be easily equalized and 
intersymbol interference is eliminated by decision 
feedback equalizer 51 . 

30 The second embodiment of this invention can be 

simplified as shown in Fig. 5 for use in applications 
where the worst-state situation occurs very seldom 
and hence it can be ignored. This embodiment differs 
from the second embodiment in that it dispenses with 

35 correlators 44A, 44B and multipliers 46A, 46B, while 
subtracters 45A and 45B take input signals from the 
outputs of multipliers 42A and 42B, respectively. 

During a deep-fade situation, the dominant jam- 
ming signals at the outputs of multipliers 42A and 42B 

40 are combined by adder 48 at a maximum ratio as well 
as in an in-phase relationship and normalized by AGC 
amplifier 49 to a level substantially equal to the level 
at the inputs of adder 48. The weaker desired signals 
are combined by adder 48 at a less-than maximum 

45 ratio as well as in an out-of-phase relationship. The 
amplitude of the combined desired signal is compres- 
sed by AGC amplifier 49 with a compression ratio gre- 
ater than the ratio with which the amplitude of the 
combined jamming signal is compressed. Therefore, 

so the stronger jamming signals are combined in sub- 
tracters 45A, 45B at a maximum ratio in an opposite 
phase relationship so that they are cancelled com- 
pletely, while the combined desired signal at the out- 
put of AGC amplifier 49 has a lower amplitude than 

55 the desired components at the output of multipliers 
42A, 42B. Therefore, the desired signals are com- 
bined by subtracters 45A and 45B at a less-than 
maximum ratio and in an out-of-phase relationship, 
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causing desired signals of a sufficient level to appear 
at the inputs of adaptive matched filters 46A, 46B. 

As in the second embodiment, the ratio with 
which the combined weaker signal is compressed by 
AGC amplifier 49 in relation to the predominant sig- 
nals increases proportionally as a function of the num- 
ber of diversity channels. 

The foregoing description shows only preferred 
embodiments of the present invention. Various mod- 
ifications are apparent to those skilled in the art with- 
out departing from the scope of the present invention 
which is only limited by the appended claims. There- 
fore, the embodiments shown and described are only 
illustrative, not restrictive. 



Claims 

1. A radio communications system comprising: 

transmitter means for delaying a digital 
signal to produce a delayed version of the signal 
and transmitting the delayed version on a first 
diversity channel and transmitting a nondelayed 
version of the digital signal on a second diversity 
channel; 

first and second receiver means 
associated respectively with the first and second 
diversity channels for generating first and second 
diversity channel signals; 

first and second normalizing amplifier 
means coupled respectively to the first and sec- 
ond receiver means for respectively producing 
first and second constant-amplitude signals from 
the first and second diversity channel signals; 

first and second phase alignment means 
coupled to the first and second normalizing 
amplifier means, respectively; 

adder means for combining output signals 
from the first and second phase alignment 
means; 

third normalizing amplifier means for pro- 
ducing a third constant-amplitude signal from an 
output signal of the adder means and applying the 
third constant-amplitude signal to the first and 
second phase alignment means, whereby domi- 
nant components of the first and second con- 
stant-amplitude signals are combined at a 
maximum ratio by the adder means; 

su btracter means for combining output sig- 
nals from the first and second phase alignment 
means; 

selector means for selecting a signal from 
the output of the third normalizing amplifier 
means or from the output of the subtracter means 
in response to a command signal applied thereto; 

matched filter means coupled to the output 
of the selector means; and 

decision feedback equalizer means coup- 



led to the output of the matched filter means. 

2. A radio communications system as claimed in 
claim 1 , wherein the delayed version of digital sig- 

5 nal is delayed with respect to the nondelayed ver- 

sion by an amount corresponding to an integral 
multiple of a symbol interval. 

3. A radio communications system as claimed in 
10 claim 1 , wherein the first phase alignment means 

comprises a first correlator for producing a first 
correlation signal representative of the corre- 
lation between the outputs of the first and third 
normalizing amplifier means and a first multiplier 

15 for multiplying the output of the first normalizing 
amplifier means with the first correlation signal, 
and wherein the second phase alignment means 
comprises a second correlator for producing a 
second correlation signal representative of the 

20 correlation between the outputs of the second 

and third normalizing amplifier means and a sec- 
ond multiplier for multiplying the output of the sec- 
ond normalizing amplifier means with the second 
correlation signal. 

25 

4. A diversity receiver for receiving signals through 
multipath fading channels and recovering theref- 
rom first and second diversity channel signals, 
comprising: 

30 first and second normalizing amplifier 

means for producing first and second constant- 
amplitude signals from the first and second diver- 
sity channel signals, respectively; 

first and second phase-and-amplitude 

35 alignment means coupled to the first and second 

normalizing amplifier means, respectively; 

first adder means for combining output sig- 
nals from the first and second phase-and-ampli- 
tude alignment means; 

40 third normalizing amplifier means for pro- 

ducing a third constant-amplitude signal from an 
output signal of the first adder means and apply- 
ing the third constant-amplitude signal to the first 
and second phase-and-amplitude alignment 

45 means, whereby dominant components of the 

first and second constant-amplitude signals are 
combined at a maximum ratio by the first adder 
means; 

first and second correlator means for re- 
50 spectively producing a first correlation signal rep- 

resentative of the correlation between the first 
diversity channel signal and the output of the third 
normalizing amplifier means and a second corre- 
lation signal representative of the correlation be- 
55 tween the second diversity channel signal and the 

output of the third normalizing amplifier means; 

first and second multiplier means for re- 
spectively multiplying the output of the third nor- 
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malizing amplifier means with the first and second 
correlation signals; 

first and second subtracter means for re- 
spectively combining the output of the first multip- 
lier means with the first diversity channel signal, 5 
and combining the output of the second multiplier 
means with the second diversity channel signal; 

first and second matched filter means 
coupled to the outputs of the first and second sub- 
tracter means, respectively; 10 

second adder means for combining output 
signals of the first and second matched filter 
means; and 

decision feedback equalizer means coup- 
led to the output of the second adder means. 1 5 

5. A diversity receiver as claimed in claim 4, wherein 
the first phase-and-amplitude alignment means 
comprises a third correlator for producing a third 
correlation signal representative of the corre- 20 
lation between the outputs of the first and third 
normalizing amplifier means and a third multiplier 

for multiplying the output of the first normalizing 
amplifier means with the third correlation signal, 
and wherein the second phase-and-amplitude 25 
alignment means comprises a fourth correlator 
for producing a fourth correlation signal represen- 
tative of the correlation between the outputs of the 
second and third normalizing amplifier means 
and a fourth multiplier for multiplying the output of 30 
the second normalizing amplifier means with the 
fourth correlation signal. 

6. A diversity receiver for receiving signals through 
multipath fading channels and recovering theref- 35 
rom first and second diversity channel signals, 
comprising: 

first and second normalizing amplifier 
means for producing first and second constant- 
amplitude signals from the first and second diver- 40 
sity channel signals, respectively; 

first and second phase-and-amplitude 
alignment means coupled to the first and second 
normalizing amplifier means, respectively; 

first adder means for combining output sig- 45 
nals from the first and second phase-and-ampli- 
tude alignment means; 

third normalizing amplifier means for pro- 
ducing a third constant-amplitude signal from an 
output signal of the first adder means and apply- so 
ing the third constant-amplitude signal to the first 
and second phase-and-amplitude alignment 
means, whereby dominant components of the 
first and second constant-amplitude signals are 
combined at a maximum ratio by the first adder 55 
means;; 

first and second subtracter means for com- 
bining the output of the third normalizing amplifier 



means with the outputs of the first and second 
phase-and-amplitude alignment means, respect- 
ively; 

first and second matched filter means 
coupled to the outputs of the first and second sub- 
tracter means, respectively; 

second adder means for combining output 
signals of the first and second matched filter 
means; and 

decision feedback equalizer means coup- 
led to the output of the second adder means. 

7. Adiversity receiver as claimed in claim 6, wherein 
the first phase-and-amplitude alignment means 
comprises a correlator for producing a first corre- 
lation signal representative of the correlation be- 
tween the outputs of the first and third normalizing 
amplifier means and a first multiplier for multiply- 
ing the output of the first normalizing amplifier 
means with the first correlation signal, and whe- 
rein the second phase-and-amplitude alignment 
means comprises a second correlator for produc- 
ing a second correlation signal representative of 
the correlation between the outputs of the second 
and third normalizing amplifier means and a sec- 
ond multiplier for multiplying the output of the sec- 
ond normalizing amplifier means with the second 
correlation signal. 
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